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RATIONAL ADVISORY CONKXTOE 70S AERONAUTICS 

MEMORANDUM REPORT 

far the 

Bureau of Aeronautics, Navy Department 

WIND-TÜNHEL IHVESTTGAOTON OF THE EFFECTS OF SLOT SHAKE 

AND FLAP LOCATION ON THE CHARACTERISTICS OF A LCW-4JBAG 

AIKFOIL FQUIPPED WITH A 0.25-CHCED SLOTTED FIAP 

By Ralph V. Jloltzclaw and Yale Wteisman 

SIMtABY 

An Investigation was mad? to determine the offeots of slot 
shape and flap location on the characteristics of an NACA 66,2-816 
(a • 0.6) airfoil equipped with a 0.25-chord slotted flap to provide 
a basis for the study of drooped ailerons. Two slots were Investigated 
and practical flap paths vere selected for each. One slot had a rounded 
entry; the other had an entry designed to reduce the gap with the flap 
retracted to a practical minimum. 

Slot shape vas found to have a negligible effect on the aaximum 
lift coefficient If the flap was properly located. With the flap 
deflected, the rounded—or.try slot had lover drag coefficients for 
Intermediate lift coefficients than the minimum-gap slot. For either 
slot, the incromenc of section pitching-moment coefficient caused by 
flap deflection vas approximately proportional to the increment of 
section lift coefficient. 

With the flap retracted the mlnlmum-gap slot had a lover 
minimum profile-drag coefficient, low-drag characteristics over a 
larger range of lift coefficients, and 3llghtly higher section 
pitching-moment coefficients than the rounded-entry slot. 

The flap locationo for maximum lift and minimum drag vlth 
respect to the airfoil (flap deflected) vere further aft and higher 
vlth the mlnlmum-gap slot than vlth the rounded-entry slot. 
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For some tin» the VuHap&Z. Aüvijory Comml Ktoe for /.r.rorauiina 
has baen investigating airfoll3 e<irlpp»d with high-dlft device for 
the purpose of improving the jwsformar.c» charavtei-iatic-: of the.-e 
airfoils.    Hi» reaiilcn of  toatT o*" low-drag airfoiJ-) equipped vi Ui 
slotted flap.-, havo toon presented in re"oronc3 1.    Bi-» rooultt; o:' 
reference S   .how that, on conventional airi'olla, opanlnßc in the 
airfoil   -•urfaca caused a rsar^ira'blo Ircr«'a^e in drag or :.lio a'rfoil 
foi- the oonditior. of high-jpeod flight.    It was a.T.30 found thr.C th« 
location of the flap had a lar^t influence on vhe magnitude of tho 
maximum obtainable lift coef.finio-!t3. 

To provide a bacis /or a jtudy of  :he charaüteristics of 
drooped ailoron.'i, th= effects of jloo 3lmpo a.it1 flap location on 
the section aerodynamic characteristics of a low-drag airfoil were 
determined ard pruc-Mcal flap patho vtre selected. 

The tesl.3 were conduct .d in the 7— by lG-1'oot wind tunrol Wo. 1 
of the Alles Aeronautical I shorn tor:-. •      » 

COE^ICUStnS ADC CORRECTIONS 

The coefficients used lr she presentation of results are as 
follows: 

Oj   section lift coefficient i'l/qc) 

increment of section lift coefficient due to flap deflection 

profile-drag coefficient (ig/qc) 

=a section pitchlng-mome-it coefficient; about quarter chord of 
section with flap in nsutral position (a/qo*) 

increment of section pitohincwaoment coefficient due to flap 
deflection 

«S 

where 

I aeeclon lift 

d0   profile drag 

a   section pitching moment 

 / 
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I dynamic pressure (JoV8) 

e airfoil chord Including flap 

and 

OQ angle of attack for Infinite aapaot ratio, degrees 

&f flap deflection, degrees 

Hie lift, profile-drag, and pltching-noment coefficients have 
beer corrected for turr.el-wall effects. A comparison of force-test 
results with pressure-distribution measurements of section lift and 
pltcblng-mcment coefficients Indicated negligible end-plate effect 
on these coefficients. The end-plate effect on the profile-drag 
coefficients was determined by a comparison of measurements of the 
loss of momentum In the wing wake with the force—test measurements. 
All the results have been corrected for this effect. 

MODEL ADD APPARATUS 

The airfoil was constructed of lanlrated mahogany to the 
HACA 66,2-816 (e. =  0.6) profile of It-foot chord, The airfoil 
ordlnates are given In table I. Die aft 0.39 chord of the airfoil 
was made removable to allow tho tasting of dlffcront slots. The 
airfoil and flap were equipped with a single row of pressure! orifices 
built Into the upper and lower surfaces at the uidopan 3tatlon. Ihe 
orifice locations are listed In table XX. Ihe flap was constructed 
of laminated mahogany to conform to tho profile of the normal 
airfoil section. Ihe flap ordlnates are given In table XXX. The 
details of the two slots tested are shown In figure 1. Slot A had 
a rounded entry, while slot B had an entry designed to reduce the 
gap with the flap retracted to a practical minimum. Ihe slots will 
be referred to by their letter designations throughout the remainder 
of this report. 

TEST INSTALLATION 

She airfoil was mounted vertically In the 7— by 10-foot wind 
tunnel No. 1 completely spanning the height of tho tunnel, as 
shown in figure 2. Turntables, 6 feet In diameter, were attached 
rigidly to the model and mounted flush with the tunnel floor and 
celling. Provisions were made for changing the angle of attack, 
flap deflection, and the normal and chordwlse location of the flap 
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»Ml« tH» tumel vat >n operation. 

The tejt-3 were vondut;t»a at a AynsaSa  pressure of 50 pound.: 
per square fesc, corresponding to e Seyolds number of approximately 
3*100,000 (Much ru&ber or appro*. 0..19). Uft» dro3, nrd pltchina- 
•otient n"ajv^ e*Tfc.-i*i wtii~s !!!.•:<> ihrcugliou, the useful arvjle-of-altoci 
range fc:- a co.stnr.t flap defli.ct.iOn end position. An everegf. of 
SO flop lo«i*ijrs va- I^v^jfjgn'od. viih iach sloe Tor flap deflections 
of P°, lu°, ?0'J, i0°,  U0°, f.r«l 50u. A vtr.v li&Ued .-.umber were cilso 
investigatad for 1»;°. Dv.e 'o the hi£h loftdu impoued upor the balcnoo 
sy^ten a-.d the r.a*ure of iht- stall of *-io nodol, vo^y fow teat points 
vere obtained r.ft>r the stall. Tue raexlisum lift, however, vac 
measured for every flop location. 

RESULTS ABD DISCTIDSTOK 

The results of tects to detorrine the effecta of slot, shape 
and flap location on f.h© characteristics of a lev--drag airfoil 
equipped with a 0.25-ohord clotted flap ore presented aa cor.tow.1 
of tho pose position of the flap for constant Ufi. and drag coeffi- 
cients, llje refererce poini for those cortour3 was vakar as the 
Intersection of the airfoil chord l.lrr-  and the flap nose with tho 
flap retracted (station 0.755 chord on the chord line). 

The variation of maximum lift coefficient with flop location 
and deflection is shown in figure 3 for slot A and in figure 4 for 
slot B. She flap location v*th raspect to the airfoil for maxJBua 
lift at a given deflection lc- frrther aft and higher with slot B 
than with slot A. The maximum siea.jumd lift coefficient vas 3.89 
with slot A (fig. 3(d)) and 2.90 with slot B (fig. U(i)).    Tho 
difference bntw.ien those values Ja within the oxperision ;al accuracy 
of tho tests. Both maximum -values were racajurod. with 1*0° flap 
deflection. Duo to time limitations, the maximum possible lif •: 
coefficient vas r.os measured for all flap deflections. 

The lift coeffielen tu for which the contours of constant urcg 
coefficients arj presented wore solected to novr.r tho range of lift 
coefficients for which tho drag coefficient ia decreased.by flap 
deflection. Tho.ce data ara  presented for various flap deflections 
with elot A In figure 5 and with slot B In figure 6. A3 In 'lio 
case of tho maximum lift coefficient, the flap locatior for 
minimum drag, at a glvor deflection and lift coefficient, ia farther 

«c.*- 
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aft and higher vlth slot B than with slot A. 9» measured minimum 
drag coefficients for intermediate ilft coefficients are lover with 
elot A then vlth 3I0C B. Tills Is probably the rssult of smoother 
flow through the slot with the rourdc-d entry. 

Ccnpletv ".< rodjvantfc jhcracteriatico of the airfoil with slot A 
are shew?, in fiFurc 7 for the flar path described by figure 8. For 
thlo path the flap is simply hingsd about a point 8Ö.25-percent wing 
chord from the lending aCgc  of tho airfoil and 8-percent wing chord 
below the chord line. The  characteristics! of the airfoil with slot B 
aro shown In figure 9 for the flap path described by figure 10. For 
this path tho flap nose moves aft and up along a  straight line vlth 
the flap deflection increasing ao the fiap la extended. These flap 
paths were chosen with a view toward a practical Installation. 
Sufficient data have been presorted In the form of contours (figs. 3 
to 6) to estimate tho maximum lift and drag characteristics for 
alternate flap pa the. 

Envelope polars for tho two flap paths are shown In figure 11. 
Data for tho plain airfoil as takon from reference 1 aro also shown 
for comparison. Ao shown by this figure, lower profile drag was 
obtained vlth slot A than with slot B for lift coefficients from 
O.65 to 2.65. Bio irregular!tie3 in these curves ore caused by a 
shift of the low-drag range with flap deflection (figs. 7 and 9). 

A comparison of the maximum lift-coefficient Increments due to 
flap deflection for tho two flap paths io shown in figure 12. For 
further comparison, curves are shown for the maximum lift—coefficient 
increments measured with the two slots. As shown by figure 12, and 
figures 3 and k,  the maximum measured lift coefficient was obtained 
at a flap deflection of U0° for bo;h slots. It should be re-emphaolced 
that a limited number of polnt3 were taken for the contours so that 
the maximum obtainable lift was not measured for every flap deflection, 
particularly for the low deflections. 

As illustrated by figure 13, the increments of section pitching— 
moment coefficient due to flap deflection are approximately 
proportional to the increments of section lift coefficient. Hie 
variation shown is for zero angle of attack for tho selected flap 
paths. 

A comparison of the section aerodynamic characteristics of the 
airfoil, with the slotted flap undeflocted, with the 
characteristics of the plain wing as takon from reference 1 Is 
shown in figure Ik.    As shown by this figure, the drag Increment 
due to the addition of the slot was considerably higher with slot A 
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than with elot B.    The minimum profllc-dra* eoeffJelont was 0.0055 
vleh J.'OC A end 0.004:? with ulot B a.-; compared to 0.0040 for the 
plain nln'otl.    Thi- ntrs<> or lift cojffic'ontj for which low-drag 
ohoraei.eritftte-1 wore apparent was .lurg'.r with alot B than with olot A 
frig. 14). 

carrcxuDUTO wans 

The results of tho test.» to dPtorraine. the effects of slot shape 
and flap locfltior on the eharac ? r:r Jytie.i of a low--drag airfoil 
equipped with a O.ffS-chord rlottnd flap irdlcc-ed the following? 

1. Slo'. shape had a nopliglble effect on ih-.- aaxlwm lift 
coeff icl^r T for th-; two dloa:   (.«sied if the flap was properly located. 

2. For lrT-eracdlato lift coefficients with the flap deflected, 
the rounded-entry .üo*. had lovei- profile drag. 

3. 7or either slot tho incrw-me-.t of section pitchlrg-oioment 
coefficient du? to flap deflection wa3 approximately proportional 
to the incrosicrt or"  ioctio.n lift coefficient. 

4. The addlt'or of the niriraiaa gap clot to the plain airfoil 
caused an I':orca;c ir> the- uoctlon nrofilo-drag coofflcicrt of 
0.0002  (flap retracted), while the addition of  ih? roundod^ontry 
elot earned ar increase» of 0,0015. 

5. Low drag wan ob ballad for e larger range of lift coeffi- 
cients with the ml-ilsum-gap slot (flap retracted) than with the 
rounded—entry slot. 

6. The pitchl»'g-jnonont cooffIclonta wore tilightly higher with 
the islniBiua-caji ^lov. (flap rwtrartcd) than with tho rounded-entry 
alot. 

Ames Aeronautical laboratory, 
National Advisory Committee for Aeronautlos, 

Moffett Field, Calif. 

#*-»- 

L -j 
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BW T.- ORDISATSTS VOR WACA 6h,?_£l6  (a « C.6)  AOMBL 
[j*at'.onc ar>d ord?nate3 in port-oit oi' airfoil cherd ] 

tipper surfa.;n 

Station 

0 
.371 
.607 

1.091 
S.317 
i*.7ol(. 
''.281t 
9.781 

lfc.738 
19.806 
21*. 8^8 
29.862 
3^.8f7 
39.936 
1*^.976 
50.023 
55.073 
60.IU1 
65.191 
70.198 

Lovi-r surfu;;.» 

Ordinate i Station 

0 
1.2t2 
1.501 
1.886 
2.615 
3.701 
'«.563 
5.303 

•iOO 
'(23 

75.181 
8o.llt8 
85.106 
90.061 
95.021 

100 

L.E. radium: 

8.155 
8.708 
9.098 
5.356 
9.>i71 
9.'131 
9.22U 
8.S00 
8.08'* 
7.068 

OrdJr,a*e 

0 
.629 
.893 

l.l.'O". 
B.®3 

7.7X6 
10.813 
15.Ä12 
20.194 
25.168 
30.138 
35. .'.03 

5.889 ?!*.' 
•v.585 79.' 
3.C65 ».' 
1.937 8p. s 

.762 «Ä.v 
0 100 

1.575 T.TC. 

te.977 
:u.'27 
5".359 
61:. 809 
69.802 

0 
-i.ne 
-J..319 
-3L.&B 
-e.127 

-3. WL 
-3.93* 
-fc.TGG 
-5-r?o 
-5."'a 

-6 3i? 
-6.16s 
-6.383 

-o.o-'rtJ 
-5.574 
-«.866 

«19   I   -*.037 
«52 -3.IO7 
•r,94 -2.177 
J39 -X.6J5 
979 -.Uj2 

0 

radii HI   0.C525 
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BkBUt II— FMSCSURS-OSmc« LOCATIONS Tti THE KACA 66,2-gl<; 
(a - 0.6) AIRFOIL ARD IN IBS 0.25-CHCfcD üWTIED FLAP 

Wing orif'cea Flap oririceo 

Station Statior1 

i'perre.-t 
atrfoil Surfao«» (TJorccr.t 

airfoil 
chord) 

Surface 
chord) 

0 T.oadl*<3 edpe 75.00 Leadlnc *>?B6 

.£25 l*nuer and .'cvwr 75. so Upier and lower 
1.S5 75.60 
2.50 ?6.1«0 
5.00 77.5C 
7.50 iB.Po 

10.00 30.00 
15.00 8P.50 
20.00 85.OO 
25.00 87.OO 
30.00 90.00 
35.00 90.50 
1*0.00 95.00 
«»5.00 97.50 
50.00 98.80 \f 
55.00 
60.00 
65.OO 
70.00 
72.50 Lovor 
75.00 U^pur ar.d lovfir 
77.50 Lowor 
80.00 Lower 

1Flap retracted 
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10 

ISUtl*, ^T^^O.f) AIRFOIL     W 

JBtatimi 

75.000 
75.5&1 
76.0-ta 
77. (,33 
78.1«} 

60.108 
ai.-.'jo 

f>.275 
85.417 

, 87.500 
89.583 

1 91.667 
, 93.750 

95.833 
. 97.917 loo 

I U^psr surface" 
-J.875     ~~ 

.ote 
.695 

1-937 
2.646 
3.125 
3A5S 
3.61t6 
3.687 
3.625 
3.V37 
3.208 
2.646 
2.083 
i.5te 
1.062 

.604 
.271 

i£W^ui:face 

-3.162 
-3. '.37 
-3-S04 
-3 ».17 
-3.229 
-3.01(2 
-2.654 
-2.£46 
-2.437 
-2.250 
-S.062 
-i.667 
-J..292 
-.917 
-.583 
-•333 
-.167 

JT.E. radlue: O.Qggs 

/ 
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ABSTRACT: 

Tests were conducted at dynamic pressure of 50 lb per square foot with 
lift drag and pitch moment measurements throughout useful angle of at- 
tack range for constant flap deflection and position of a low-drag airfoil. 
Two slots were investigated and practical flap paths were selected for 
each. Slot shape had a negligible effect on the maximum lift coefficient 
if flap were properly located. For Intermediate lift coefficients with 
flap deflected, the rounded-entry slot had lover profile drag. 
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Tests were conducted at dynamic pressure of 50 lb per square foot with 
lift drag and pitch moment measurements throughout useful angle of at- 
tack range for constant flap deflection and position of a low-drag airfoil. 
Two slots were investigated and practical flap paths were selected for 
each. Slot shape had a negligible effect on the maximum lift coefficient 
if flap were properly located. For intermediate lift coefficients with 
flap deflected, the rounded-entry slot had lower profile drag. 
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